Field observations and the geochemistry of major and trace elements, including REE, suggest a mafic extrusive origin for the strongly tectonized, actinolitealbite rocks in the Miihkali arch, in the NE part of the Outokumpu district, eastern Finland. These metabasalts occur in close association with massive serpentinites. Compared with the average composition of representative basalts from modern tectonic environments their MgO, Ni and Cr contents are somewhat elevated, and their Ti0 2 somewhat low. The REE contents are 5x to 10 x chondrites. Their pattern is flat and slightly depleted in LREE. A Proterozoic ocean floor is postulated as the depositional environment.
Introduction
The Outokumpu District lies in the boundary zone between a late Archean basement complex and overlying early to middle Proterozoic rocks (Simonen 1980) . The basement complex forms the NE part of the Baltic shield. The lowermost cover sediments, which were deposited until c. 2.0 Ga, include arkoses, conglomerates, quartzites, calc-silicate rocks and black schists, and are associated with basic magmatism. The overlying mica schist is regionally extensive in the Outokumpu District and encloses a serpentinite-carbonate-skarn-quartz rock assemblage that is commonly bounded by black schists and is known as the Outokumpu association (Gaål et al. 1975 , Huhma 1975 . Massive Cu-Co orebodies, including the Outokumpu ore deposit, are closely associated with serpentinites and with a virtually monomineralic quartz rock, that is considered by Huhma and Huhma (1970) to be a metamorphic derivative of colloidal silica precipitates.
In the Miihkali arch area (Fig. 1 ) the rocks denoted as skarns in regional bedrock mapping at a scale 1 : 100,000 (Huhma 1971 ) are known to include a considerable amount of strongly foliated chloritic schists and dark coloured amphibolites with possible relict porphyric textures (Koistinen 1981) . These rocks are characterized by plagioclase and black to greenish or brownish amphibole with some compositional Fig. 1 . Geological map of the Miihkali arch in the northeastern part of the Outokumpu District, eastern Finland. Compiled by T. Koistinen. For further information see e.g. Huhma (1971 Huhma ( , 1975 , Koistinen (1981) .
variation. According to Huhma (1975) the skarns of the Outokumpu association are devoid of feldspars and biotite, and enriched in chromium and nickel; they are particularly noted for their chrome-diopside, chrome-tremolite and other chrome-bearing minerals. Although the actinolite-albite rocks in the Miihkali area are quite different, they must nevertheless be considered to be closely related to the Outokumpu association because of their intimate association with massive serpentinites. The present paper describes the petrography and reports the major, trace and REE chemistry for 15 diamond drill core samples (hole Ju/Mi 4; Fig. 1 ) representing the continuous intersection of a schistose actinolite-albite rock in close association with large serpentinite masses at Miihkali, in the NE part of the Outokumpu Ore District. For this rock we suggest (1) close relation with the Outokumpu association, (2) extrusive origin and (3) ocean floor depositional environment.
Analytical methods
The major element contents were analysed by X-ray fluorescence at the Geological Survey of Finland, using lithium tetraborate melts and a Philips PW 1420/AHP spectrometer. The coefficients of variation for the XRF data were 1-2
The FeO contents were determined titrimetrically. Optic emission spectrography was used to analyse the trace metal contents of Cu, Cr, Ni, Co, Zr and Sc. The REE contents were determined in the Reactor Laboratory of the Technical Research Centre of Finland using the instrumental and radiochemical methods described by Rosenberg (1972) and Zilliacus et al. (1982) . Samples 1, 2, 3, 4 and 10 were analysed by the RNAA method.
Results
The actinolite-albite rocks are strongly schistose, partly blastomylonitic and medium- grained. Two units can be distinguished: the upper unit, which is relatively homogeneous, with actinolite, albite, chlorite and quartz as main minerals, and the lower blastomylonitic unit, which exhibits more variance in grain size and has actinolite, chlorite, hornblende, albite, K-feldspar, quartz and sericite as main minerals. Actinolite porphyroblasts are common in both units and the lower unit also exhibits relict helicitic porphyroclasts of hornblende. Similar, possibly relict minerals have been found in »skarns» from outcrops in the Miihkali area (Koistinen 1981) . The structure of the lower unit is characterized by alternating layers of different mineral proportions. The thickness of these layers perpendicular to the S-plane is 2 to 5 mm. The contacts to the serpentinite masses generally appear as thin tremolite seams. The contacts are sharp against related quartz rocks and skarns proper. The mineral paragenesis indicates low grade metamorphism.
The major element abundances are given in Table 1 with calculated normative compositions and trace element characteristics, including REE contents. Comparison with the contents compiled by Ashley et al. (1979) for representative basalts from modern tectonic environments reveals that the actinolite-albite rock at Miihkali is high in MgO and low in TiO z . The average Ti0 2 content, 0.39 is less than half the TiO z content given for the OFB, I AB and MBB representatives. Slight enrichment is observed in Na 2 0. The average alkaline contents of 3.1 ®7o Na 2 0 and 0.4 % K 2 0 do not give reason to suppose that the bulk composition has changed much in pre-metamorphic or metamorphic alteration (cf. Aumento et al. 1976 , Hughes 1972 ). The contents of CaO and P 2 0 5 are slightly lower than the average given for basalts. Transition metal contents are higher than reported for average ocean ridge and island arc basalts. The means for Cr, Ni and Cu are 492 ppm, 169 ppm and 86 ppm, respectively. The chondrite-normalized REE patterns are rather similar, both being flat with slight LREE depletion (see Fig. 4 ). Chondrite-normalized La and Yb abundances average 6 and 10, respectively. The normalized La/Sm ratios cluster between the values 0.9 and 0.5.
Discussion
In a plot proposed by Jensen (1976) for classifying subalkalic volcanic rocks, the actinoliteand albite-bearing units form a rather coherent group mainly in the field for high magnesium Viljoen et al. (1982) . high as the Zr content are needed to meet the chondritic ratio (see Fig. 3 b) . A gently sloping LREE depleted pattern is also characteristic for basalts of a komatiitic suite (Arndt and Nisbet 1982) . In Fig. 4 the pattern of normalized means is compared with a pattern for modern ridge basalts. -The low abundances of REE with slight LREE depletion are indicative of a relatively primitive upper mantle source and fractional crystallization. This pattern is consistent with patterns for some Archean komatiitic metavolcanics in eastern Finland (Jahn et al. 1980) .
Contents of many of the elements analysed and the calculated values of several norm minerals increase or decrease fairly systema-
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tholeites but with some samples in the field for basaltic komatiites (Fig. 2) . If the komatiitic field is taken as proposed by Viljoen et al. (1982) on the basis of data from South African komatiite volcanics, the Miihkali group plots well inside the komatiitic field. Other chemical features indicative of komatiitic origin are high Ni and Cr, and low K 2 0, Ti0 2 and Zr (Arndt and Nisbet 1982) . TiO, contents about twice as
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Nd Sm Eu Tb Yb Lu Fig. 4 . Chondrite-normalized REE distribution patterns for the means of the actinolite-albite rock. MORB field after Frey et al. (1974) and Gill (1976) . tically in the drill core samples (Fig. 5) . The trends are comparable to those observed, for instance, in the Munro Township lava flows (Arndt et al. 1977) . The increase in MgO, Cr, Ni and normative olivine and the decrease in Si0 2 , Cu and normative diopside can be attributed to fractionation of the flow. The lower unit may have contained some accumulation or phenocryst enrichment of clinopyroxene or olivine, or both. Clinopyroxene control is implied by the relative increase in HREE in the lower unit (Hanson 1980) . The correlations of Ni and Cr to MgO are both 0.7. Ni and Cr are strongly enriched in the early cumulus phases and are therefore sensitive indicators of fractionation (Irvine 1975, Hart and Davis 1978) . The relatively uniform A1 2 0 3 content in both units is indicative of marked plagioclase crystallization.
An increased variation in element contents is observed from a drill hole depth of 118 m downwards. This variation is probably largely due to metamorphic differentiation. The textures in thin sections indicate stress-induced alternation of layers of varying mineral ratios. The negative correlation between Si0 2 and MgO (Fig. 5) is due to the alternation of quartzbearing layers with less resistant actinolite-, chlorite-and hornblende-enriched layers in the samples. Mäkelä (1981) has suggested that the Outokumpu District represents a marginal basin in the early stages of the Svecokarelian orogeny and that serpentinites are former submarine ultramafic lavas extruded through rifts of divergent plate margins. The extrusive origin of the serpentinites is supported by the stratigraphical analysis of folded serpentinite-dominant rock associations based on »grey level» images derived from large-scale aeromagnetic data (Mä-kelä 1983) . In all probability, the existence of strongly deformed and metamorphosed pillow lavas in the Outokumpu District also indicates a Proterozoic sea floor environment (Park and Bowes 1982) . Likewise, application of the discriminant functions calculated by Pearce (1976) points to an ocean floor environment for the actinolite-albite rocks (Fig. 6) . To some extent the REE pattern supports this result. Low TiO, and Zr contents, however, are suggestive of an island arc environment (Fig. 3 a) . The low Ti0 2 is probably only indicative of the unusual parental magma composition, and inferences from diagrams based on Ti0 2 contents in basalts from modern tectonic environments are probably not therefore justified. Low Ti0 2 contents are also found to characterize, among others, basalts of the Cyprus ophiolite complex (Pearce and Gale 1977) and an island arc environment would be consistent with the back-arc basin model proposed by Park (1983) for the Proterozoic tectonic setting of the Outokumpu assemblage.
Conclusions
Strongly tectonized actinolite-albite rocks found in close association with massive serpentinites in the Miihkali arch, in the NE part of the Outokumpu District, eastern Finland, have been studied in the field and analysed for major and trace elements, including REE.
Because of its close spatial relation to serpentinites and quartz rocks, we propose that the actinolite-albite rock be regarded as a member of the Outokumpu association. In the Miihkali area the association is enveloped by black schists. The close spatial relation also indicates a relatively short time interval for their appearance. From field evidence, metamorphic mineral assemblages and major and trace element geochemistry, it seems probable that the protolith for the tectonized rock was a high magnesian basalt. A komatiitic rather than tholeitic lineage for the extrusion is suggested mainly on the basis of relatively high MgO, low Ti0 2 and Zr, and a flat chondrite-normalized REE pattern. The REE contents of 5X to 10X chondrites and slight LREE depletion are indicative of fractional crystallization and a relatively deep, upper mantle source region. The trends in many element contents and the calculated normative mineral compositions within the studied section indicate low pressure fractional crystallization in the metabasalt (flow). A Proterozoic ocean floor is postulated as the tectonomagmatic environment.
